ABSTRACT: Skln ulcer disease of flounder Platichthys flesus (L.) was investigated a t 7 sampling sites in the northern Baltic Sea, SW Finland, dunng 1987 -1989 . Disease prevalences ranged from 1 8 to 11.1 % in different areas. A significant correlation was established between sex, fish length and disease prevalence. h4ales were more affected (10 7 % ) than females (3.1%) and larger flsh showed higher disease prevalences than smaller ones The length of the ulcerated'flounders vaned between 19 and 4 2 cm. The ulcers were not randomly distributed on the fish trunk They occurred mainly on the b l~n d side of the males and on the eye side of the females. Ulcers on males tended to occur close to the lateral hne; on females, the ulcers were scattered over the whole trunk. Bacterial examination of diseased specimens resulted in the isolation of a cytochrome oxidase-negative, atypical Aeromonas salrnonicida, primarily from the ulcers.
INTRODUCTION
Skin ulcers are frequently recorded from a large variety of fish species. In farmed fish, skin ulcerations are usually related to septicemic conditions caused by bacteria of the genera Vibrio, Aeromonas, Pseudoinonas, etc. Ulcerative skin lesions in wild fish cannot, however, in some cases be traced back to septicemic infections , Austin & Austin 1987 , Wiklund 1990 ).
Different authors have attributed the development of skin ulcers in fish to different etiological factors such as injuries caused by fishing gear (LeTendre et al. 1972 , Moller 1981 , Mellergaard 1986 , Dethlefsen et al. 1987 , Mellergaard & Nielsen 1990 , pollution (Perluns et al. 1972 , Larsen et al. 1978 , Vethaak 1987 , large salinity fluctuations , Moller 1984 , Vethaak 1992 or a low condition factor due to shortage of food (Moller 1981 (Moller , 1990 .
Flatfish seem to b e more vulnerable to ulcerative skin lesions than most other fish groups. There are, for example, numerous reports of skin ulcer disease in several flatfish species from countries around the Baltic Sea, the North Sea, the British Isles and France (Perkins et al. 1972 , Grawinski 1976 , Moller 1981 , Nounou et al. 1981 , Bucke et al. 1983 , Wiklund & Bylund 1985 , Thulin et al. 1989 , Vethaak 1992 . Macroscopically the ulcers appear to develop in the same way in different flatfish species and in fish from different areas: starting from small hemorrhagic lesions, the epidermis sloughs off, exposing the underlying musculature but usually not penetrating deeply into it.
In most reports dealing with skin ulcer disease of flatfish, the primary etiology remains obscure. Most bacteria isolated from ulcerated fish are normal bacterial constituents of marine a n d braclush waters a n d seem to be secondary invaders rather than primary fish pathogens. Although ulcer disease In some cases seems to b e more characteristic in fish resident in degraded water habitats, it has been difficult to relate the disease to specific chemicals or pollutants.
This report deals with the occurrence of skin ulcer disease in flounder Platichthys flesus (L.) on the Finnish coast, particularly in relation to size and sex of the affected fish, and to the spatial and seasonal variation in prevalences found. Subsequent papers will deal with our observations on etiological agents of the disease in this area.
MATERIALS AND METHODS
Sampling area. The sampling sites (A to G) were located on the south and west coast of Finland (see Fig. 4 ). The salinity of the investigated area varies between 4 and 6 O A and the temperature of the surface water varies from freezing point in winter up to 20 "C in summer. Most parts of the sampling area are normally covered with ice between December and April.
The northern Baltic Sea is generally considered polluted, but an immediate effect from pollution occurs only within Site B. This area is affected by effluents from several industries and agriculture and by sewage from the city of Bjorneborg (Oravainen 1989) , inducing a very complex state of pollution. Site B also receives f i e~i i cvaiel ilulll ihe Kurrlv River. However, salinity close to the bottom at this sampling site is rather stable.
Fishing operations and fish examination. The flounders were caught close to the shore, at depths between 2 and 30 m. The samples were collected from commercial catches during [1987] [1988] [1989] . As the number of fish examined from 2 of the sampling sites (A & G) was small, these were excluded from some of the calculations. From Site F, samples were taken every month during the ice-free seasons. Most fish samples were caught with standing gill nets (mesh size 35 to 65 mm). At each sampling, either all of the fish or a random subsample was examined. The fish were transported to the laboratory for examination.
Most of the flounders were sexed and the total length of all flounders was measured.. The skin, fins and gills were examined for external lesions and most specimens were opened and examined for lesions in the visceral organs.
Virological and bacteriological sampling and processing. Virological examination of ulcer tissues from diseased fish was performed according to routine methods. The tissues tested were inoculated on 3 cell lines (FHM, RTG-2 and BF-2) and incubated at 15 'C in 2 passages. The cell cultures were examined for cytopathic effects every day for 2 wk.
Bacteriological sampling was performed as described previously (Wiklund & Bylund 1991) . The results of the bacteriological examinations will be only briefly discussed in this paper.
Analysis of data. The prevalences of ulcer disease were calculated only on fish larger than 20 cm, in accordance with recommendations of an ICES working group (Working Group on Pathology and Diseases of Marine Organisms; Anon. 1991) .
All data were processed with computer programs (Supercalc, Statistix and Macintosh statistical programs) in order to establish correlations of disease prevaiences with fish length, sex and sampling station.
Because there was a significant correlation between disease prevalences and fish length and sex, respectively, the size and sex distribution of the fish sampled at a site had an immediate influence on the ulcer prevalence recorded for that site. An objective comparison of disease prevalences at different sites could not, therefore, be based only on the disease prevalences recorded. To permit comparisons, a theoretical disease prevalence for each site was calculated on the basis of the mean length of the fish, the sex ratio, and the regression lines for fish length and disease prevalence. The theoretical values were calculated according to the following method: -Disease prevalences were calculated separately for males and females from each site.
-The equations for the regression lines of the disease prevalences and fish length for the total number of males and females were calculated separately (Sites B to F). -These equations, and the mean lengths of the males and the females at the different sites, were used to calculate theoretical disease prevalences.
-Using the theoretical disease prevalence and the A-G 1987-1989 FISH LENGTH (cm) number of examined fish, the theoretical number of diseased males and females, respectively, was calculated for each site.
-The overall theoretical disease prevalence for all sites was based on the theoretical number of diseased fish of both sexes in relation to the total number of fish examined.
The theoretically derived number of diseased fish was compared with the observed number of diseased fish using a test. 
RESULTS

Description of fish samples
cluded from the analyses. Most (62 %) of the fish were females, but clear differences in sex ratio were observed anlong the different sampling sites (Table 1) . Females, however, dominated at every site. The females were on average larger than the males at every site, except Site D.
Disease prevalences
Relationship between fish length and ulceration rates Of the flounders examined, 723 specimens (9 %) were shorter than 20 cm and were thus excluded from the calculation of disease prevalences.
A total of 6890 flounders were included in the analysis. Of the fish examined, 405 specimens (5.9 %) showed epidermal ulcerations (Table 2) . Only 1 ulcerated fish shorter than 20 cm was observed. A positive correlation was found between the prevalences of ulcerated fish and fish length. The relationship was described by the following linear regression: disease prevalence = -7.835 + 0.482 X fish length; r = 0.80;
influence of sex on the disease prevalences Out of 6031 fish examined from Sites B, C, D, E & F, 10.7 % of the males and 3.1 %, of the females showed skin ulcerations (Table 3) . The difference in disease prevalence between males and females was statistically significant (X' test, p < 0.001). The mean length of the males and females was 27.1 and 28.5 cm respectively. The differences in mean length did not, however, explain the different disease prevalence~ because there were clear differences between the disease prevalences even when considering males and females in the same length class (Fig. 2) Of the flounders examined for sex, only a I Total 6890 few were completely infertile; these were ex-47 cm ( Fig. 1) with an average length of 27.0 cm. There were marked differences in the mean length among the sampling sites, ranging from 22.8 to 30.4 cm ( Table 1) . The disease prevalence for males increased rapidly disease prevalence at Site B was, however, even more with increasing fish length following a third-degree reevident (Table 3) .
gression line (y = -702.23835 + 75.09765~ -2.60968x2
The calculated theoretical disease prevalences + 0.02996x3; r = 0.72). The disease prevalence for fe- (Table 3) within the different sites differed signifimales increased more slowly, following an exponential cantly (x2 test, p < 0.001) from the observed values at regression (y = 0.012423e0 178d4x; r = 0.924) (Fig. 2) .
Site B and insignificantly at the other sites. Among the different sampling sites, the disease prevalences varied from 8.8 to 22.9 "/o for males and from 1.2 to 6.8 YO for females (Table 3 ). The difference in disease prevalence between males and fem.ales was statistically significant for all sites (x2 test, p < 0.001).
Spatial differences in disease prevalences
The disease prevalences of fish from the different sites varied between 1.8 and 11.1 % ( Table 2 ). The prevalences at Sites A , C, D, E & F were rather similar (4.7 to 6.1 %) but the prevalence at Site B was higher (11.1 %). Because the disease prevalence increased with increasing fish length and because the mean length was different at all the sites investigated, a direct comparison of the mean prevalences of the different sltes (Table 2) was not relevant. When considering the size and sex distribution of the fish, the elevated
Seasonal variation in prevalences
The most conclusive results concerning seasonal prevalences were obtained from Site F, which was sampled monthly. Fig. 3 shows that the disease prevalence varied considerably over the course of a year. During the study (1987) (1988) (1989) it varied between 2 and 18 % at Site F. The lowest disease prevalences were observed in spring; increased prevalences occurred in late summer every year. At the other sampling sites, the disease prevalences were also higher in the autumn than in the spring (Fig. 4 ) .
Intensity of ulceration
The diseased males had, on average, 1.7 ulcers fish-' and the diseased females 1.5 ulcers fish-l. At all 
Prevalence
Regresson sites, the number of ulcers per male was equal to or higher than that in females. The highest intensity of ulceration was recorded at Site B (2.3 for males and 1.7 for females).
Location of ulcers
Ulcers on males were predominantly located near the lateral line; ulcers on females were more scattered % over the trunk (Fig. 5) .
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Of the diseased males (n = 242), 85 % showed ulcers on the blind side, 12 % on the eye side and 4 % had ul-25 cers on both sides. The location of the ulcers on the 20 trunk of the females (n = 119) was almost the opposite. Of the diseased females, 66 % showed ulcers on the 100 15 eye side, 32 % had ulcers on the blind side and 3 % showed ulcers on both sides ( Table 4 ) . The difference l0 in the location of ulcers between males and females was statistically significant (X' test, p < 0.001). 
Description of ulcers
The ulcers were mostly open, dark reddish wounds; they were often rounded, but irregular forms were also encountered. Ulcers on the head often penetrated the soft tissue down to the bones. Ulcers on the trunk were mostly superficial and did not penetrate deeply into the muscle tissue. The size of the ulcers varied from small lesions 1 to 2 mm in diameter to large eroded areas 1 to 2 cm in diameter.
Ulcer development could be divided into 3 stages: initially, weak hemorrhages occurred in the skin. These then developed into a white lesion surrounded by a rim of hemorrhagic inflammatory tissue. In the final, true ulcer stage, the skin tissue was eroded away and the muscle tissue was exposed. Ulcers were typically surrounded by a white rim of necrotic tissue around which there was a zone of red hemorrhages in the skin. Apparently, healing of the ulcers occurred frequently, as scar formation was often seen on the blilid side. Scar formation on the eye side was not, however, easily detected as it was often concealed by the dark pigmentation of the skin. Bacteriological examination of ulcers resulted in the isolation of a slow-growing bacterium, identified as an atypical, cytochrome oxidase-negative Aeromonas salmonicida (Wiklund & Bylund 1991) . This bacterium was isolated from 54 % of the ulcers examined (162 fish specimens). Only from 3 (1.9 %) of these specimens was the bacterium also isolated from the v i a~~r a l organs. Cildrdcierisiics of the isolates are given by Wiklund & Bylund (1991) . thor). Vethaak (1992) reported adjusted prevalences (referring to a disease probability based on logit analysis) up to 35 % for female flounder 20 to 24 cm in length, in one region of the Wadden Sea. Also, in the present investigation very high prevalences (25 to 64 l?;) were observed for ma.le flounders 25 to 30 cm in length during each autumn at one site ( B ) ; however, the number of fish examined was rather low, making the results less significant. The observed disease prevalences at this site were significantly higher than expected (theoretically calculated values). This indicates that the flounder in this area were factors not present in the other areas, thus making the fish more susceptible to the disease. Site B DISCUSSION was of a more estuarine type than the other sites investigated; also the pollution load in this area was higher One of the first reports of skin ulcer disease in flounthan in the other areas. The nutritional status of the der was published by Johnstone (1905) . The author flounder was also lower at this site than at the other assumed that the ulcer was caused by a lamprey. It sites sampled, thus perhaps imposing a nutritional was not until the 1970s and 1980s that more systemstress on the fish (unpubl. results). atic studies were performed on the ulcer disease of Although we examined approximately 700 flounders flounder. The occurrence of ulcers on flounders, as that were shorter than 20 cm, only 1 specimen was well as on other flatfish species, has been reported affected by ulcer disease. In other investigations, from different areas. Previous reports of ulcerations however, smaller fish with ulcer disease were frein flounder are sum.m.arized in Ta'ble 5. With few quently encountered (e.g. Moller 1981 Moller , 1984 Moller , 1990 , exceptions, the prevalences of ulcer disease in most Vethaak 1992) In the northern Baltic Sea, the length of the earlier investigations varied between 0 and of the smallest flounders recorded with skin ulcers 4 % (see Table 5 ). Compared to these values the (19 to 20 cm) correlates with the length of the fish at prevalences in the present investigation must be consexual maturation (Suuronen 1979) . Although the sidered high. Our results, however, showed a signifioccurrence of ulcer disease in flounder correlates cant correlation between fish length and ulcer prewith the sexual maturation of the fish, there is no defivalence. A comparison of the prevalences among samnite proof as to the nature of the factor related to the ples with different length distributions may thus be maturation process that induces the ulcers or makes misleading. Most authors in older papers have calcuthe fish susceptible to the disease. Sexual maturation lated disease prevalences of the samples, giving no induces a number of behavioral and anatomical information of the disease rates in different length changes in the fish (e.g. feeding migration, spawning classes of the fish. In fact, some authors did not make migration, individual spawnlng behavior, structural any mention of the length distribution of the fish examchanges in the skin) that might account for susceptibilined (see Table 5 ).
SPRING
AUTUMN
ity to ulcers. Taking into account the method of calculating preIn several previous investigations, higher prevavalences (only fish larger than 20 cm) our results can l e n c e~ of the ulcer disease in flounder were reported be compared to those of Vethaak (1987) and Moller from autumn than from spring samples (Christensen et (1990) . The disease prevalences in the present investial. 1981 , Moller 1981 , Vethaak 1985 , 1992 . Our gation are, however, higher than those reported by results confirm these observations. The monthly samVethaak (1987) (0.9 to 4.4 %) and Moller (1990) (2.9 % pling at Site F showed that the prevalences within an in 1981-1982 and 4.9 % in 1984-1986 in regions of the area can vary considerably during the year. This River Elbe; calculated from values given by the aushould be given enough consideration when evaluat- Includes several different flatfish specles Calculated from data given by the author ing changes in disease prevalences from year to year a n d when companng disease prevalences in d1fferen.t areas sampled at different seasons. The fact that there was a significant difference in the disease prevalence between males and females was unexpected. It remalns to be determined whether this difference was induced by differences in susceptibility to the disease, different behavioral or migrational patterns of the fish or by other factors. In contrast, Vethaak (1992) found no significant differences in ulcer disease prevalences between male and female flounders in Dutch coastal waters.
Tne different distribution pattern of the ulcers on the blind side of male and the eye slde of female flounders is also surprising. This phenomenon has not been observed in other investigations. It was, however, previously reported that ulcers in dab, plaice and flounder occur mainly on the blind side of th.e fish (Nounou et al. 1981 , Wiklund & Bylund 1985 , Vethaak 1992 ). The reason for the different distribution is unknown. Contributing factors could be different general behavior, especially different spawning behavlor, or it could b e due to different morphological or physiological features between the sexes.
From descriptions of the ulcers on flatfish in other reports (Nounou et al. 1981 , Bucke et al. 1983 ) it can be concluded that the ulcers examined in the present investigation were of the same type as those described from other regions.
In our bacteriological surveys, we were able to isolate a bacterium, presumptlvcly described as a cytochrome oxidase-negative, atypical Aerornonas salmonjdda (Wiklund & Bylund 1991) . To our knowledge, there have been no previous reports of the same type of atypical A. salmonicida from ulcerated flounders. Vethaak (1992) reported the isolation of A. salmonidda, but the author did not mention whether it was a typical or an atypical strain or whether it was isolated from a diseased or a healthy specimen.
The virological examinations in the present work gave negative results. A virological et~ology cannot, however, be excluded although the development and appearance of the ulcers (i.e. open wounds with tissue erosion) did not suggest involvement of viruses a s the main etiological agents.
The data presently available indicate that the skin ulcer disease of flounders in the northern Baltic Sea is a rather complex disease syndrome. Several factors like sex, fish size and sampling season seemed to influence the prevalences.
The high disease prevalences in the areas investigated are difficult to explain. The flounder is a, fish of little commercial value in this region, although the fishing intensity for other fish species is high. Mechanical injuries in the fish d u e to 'catch and reject' with subsequent bacterial invasions may be one factor behind the high ulcer prevalence. Vethaak (1992) concluded that there was no correlation between prevalence of ulcer disease in different regions and the fishing activity off the Dutch coast. He recorded fishing act~vity as the number of eel fyke nets used in different areas, but the fishing intensity of this gear on flounder was not reported. Moller (1990) and Vethaak (1992) concluded that high salinity fluctuations in certain areas of the North Sea coastal areas and river estuaries may contribute to high ulcer disease prevalences. The salinity in the areas in this study was low but rather stable. Only at Site B were there fluctuations; these occurred in spring due to freshwater outflow from the Kumo River. Daily salinity fluctuations as reported by Moller (1990) and Vethaak (1992) do not occur in the area sampled in this study.
The present results indicate that further investigations on the etiology of skin ulcer disease of flounder should focus more attention on the differences in the disease pattern between male and female fish, as well a s between juvenile and adult individuals.
